Adverse event reports related hepatoprotective drugs are increasing. This has important public health implications. Our study aims to investigate the safety of hepatoprotective drugs by combining safety reports with drug utilization data from 2012 to 2014. Utilization data were retrieved from the hospital drug information network of Yangtze River basin and expressed as defined daily doses per 10 000 inhabitants per day. Safety data were collected from the Hubei Adverse Event Reporting System and analysed according to patients' sex, age, occurrence time, route of administration, involved organs or systems, and so on. The relationship between utilization and adverse drug events was used to evaluate the safety of hepatoprotectives by graphical analysis with histogram plots. For the utilization, both consumption sum and dose per inhabitants per day increased from 2012 to 2014. Of the 21 hepatoprotectives, 52.38% were chemical drugs, which accounted for 78.95% of total expenditure and 51.64% of total dose per inhabitants per day. The top three hepatoprotectives were glycyrrhizin, hepatocyte growth-promoting factors, and marine. For the safety, chemical drugs were responsible for 673/916 adverse drug events (73.47%). The gastrointestinal system was most frequently damaged (331, 29.82%), followed by the skin and its appendages (324, 29.19%). Irrational use and intravenous administration were associated with an increased risk of adverse drug events, therefore, surveillance and educational strategies should be strengthened to promote the safety of hepatoprotective drugs. Of the 21 hepatoprotectives, glycyrrhizin, Heluoshugan and Bicyclol were preferable for clinical hepatoprotection, whereas Yinzhihuang, Kuhuang, and ribonucleic acid should be avoided. This parallel approach through spontaneous reporting and drug utilization analyses provided valuable information for the safety of hepatoprotectives, and this synergy should be encouraged to support future pharmacovigilance activities.
Research Paper
Hepatoprotective drugs, also referred to as hepatoprotectives, can improve liver function, promote the regeneration of liver cells and enhance liver detoxification, thus having been widely used to treat liver diseases [1, 2] . Chinese expert consensus on the prevention and treatment of hepatic inflammation and injury [2] classifies hepatoprotectives as antiinflammatory drugs, liver cell membrane stability fixers, detoxicants, antioxidants and choleretics. Up to now, dozens of hepatoprotectives have been available in clinical practice. Faced with this wide array of choices [3] [4] [5] [6] [7] [8] , it is imperative for clinicians to be familiar with the strengths and weaknesses of these agents to optimize therapy. However, there are still limited data on the safety of hepatoprotectives, particularly in special populations such as the very young and the elderly. Therefore, promoting the study of hepatoprotectives in this area is of great significance.
This retrospective analysis investigates the utilization and safety of 21 hepatoprotectives commonly used in hospitals of Hubei Province in China, which are composed of 11 Chinese herbal medicine and 10 chemical drugs. To fully understand the manifestations and factors associated with the safety of different hepatoprotectives, we analysed by combining reported adverse drug events (ADEs) from the Hubei Adverse Event Reporting System (HAERS) with drug utilization data from 2012 to 2014. This study could be very useful to improve the health system with regard to financial aspects and safe evaluations, and we hope that our findings can provide guidance for clinicians, and thus help to avoid hepatoprotectives-associated ADEs in the future.
MATERIALS AND METHODS
The drug utilization and ADE data of hepatoprotectives were obtained from Yangtze River hospital drug information network and HAERS, respectively. The two databases included drug information of 34 hospitals in Hubei Province. Among them, 22 were tertiary care hospitals with more than 500 beds, 10 were secondary ones with 200-500 beds, and 2 were primary level hospitals with less than 200 beds. The data concerning drug utilization contained drug name, specifications, packaging, quantity, amount, etc. The ADE data included patients' name, sex, age, race, ADE history, ADE name, ADE process description, drug information, relevance evaluation, ADE analysis, etc. All reports related to the 21 hepatoprotectives notified between January 1, 2012, and December 31, 2014, to HAERS, excluding those with missing items and errors such as child's birth date, weight, dosage and units of drug, ADE name and other important items, were selected and evaluated according to patients' sex, age, route of administration, involved organs or systems, and possible ADEs.
Defined daily dose (DDD) and defined daily dose cost (DDDc):
The drug utilization data were collected and analysed using the DDD methodology [9] . The following formula was used to calculate DDDs, DDDs = strength of dosage form×quantity/WHO-assigned DDD for the product. The authors reported the mean DDDs per 10 000 d (now referred to as DID). DDDc, which was calculated by dividing the total cost with DDDs, showed the average daily cost of drug.
Definition of ADEs, adverse drug reactions (ADRs), hypersensitivity and allergy:
ADEs are untoward and unintended events arising from the use or misuse of drugs, whether or not they are drug-related. ADRs are defined as 'noxious and/ or unintended responses to medication, which occur at doses normally used for prophylaxis, diagnosis or therapy of disease or for modification of physiological function'. Hypersensitivity is described as 'objectively reproducible symptoms or signs initiated by exposure to a defined stimulus at a dose tolerated by normal persons'. Allergy is a hypersensitivity reaction initiated by specific immunologic mechanisms.
Nature of ADEs:
ADEs are categorized as new, serious or general [10] . ADEs are considered as new when: not stated in drug instructions; inconsistent in the nature, extent, consequences or frequency compared with those described in the drug instructions, or even worse. ADEs are considered as serious when: fatal; life-threatening; carcinogenic, teratogenic or birth-defective; permanently/significantly disabling or organ-damaging; hospitalization is required or prolonged; intervention is required to prevent permanent impairment or damage. ADEs are considered as general for the remaining.
Causality of ADEs:
In order to assess the likelihood that ADEs were caused by hepatoprotectives, a causality rating was assigned to each drug using the modified algorithm [11] . Briefly, five questions as follows were asked: does the occurrence of ADE have a reasonable time relationship to the use of the drug (for time-related reactions)? Does the pattern of ADE fit one of the known adverse reactions of the suspected drug? Does the reaction abate or disappear as the dose of the suspected drug is reduced or withdrawn (for dose-related reactions)? Does the adverse event recur when the same drug was used again (rechallenge)? Can the occurrence of adverse event be explained with combined agents, underlying disease and other chemicals? Based on their answers (Table 1) , ADEs causality was determined as definite, probable, possible, possible irrelevant, to be evaluated and unevaluated [12] .
Patient characteristics:
Patients were subdivided into nine age groups: infants and children (0-10 y), adolescents (11-20 y), young adults (21-30 y), adults (31-40 y), older adults (41-50 y), elderly adults (51-60 y), geriatric (61-70 y), older geriatric (71-80 y) and very elderly geriatric (over 81 y).
Evaluation of safety:
The following formulas were used to calculate the 
Statistical analysis:
Data were statistically analysed using the SPSS 11.5 statistical software (SPSS Inc., Chicago, IL, USA).
The chi-square test of crosstabs was used to examine associations between categorical variables All P values were 2-tailed, and differences were considered statistically significant when P-values were <0.05.
RESULTS AND DISCUSSION
The resident population in Hubei Province showed a slight increase from 2012 to 2014, and there were 57.79, 57.99 and 58.16 million people, respectively in 2012, 2013 and 2014. The proportion of the elderly population exceeded 10% in 2013 for the first time, and this represented an important challenge to the health system. In this study, we found that both consumption sum (increased by 20.17% in 2013, and 9.08% in 2014) and DID (increased by 31.74% in 2013, and 35.99% in 2014) of the hepatoprotectives kept increasing from 2012 to 2014, and the growth rate was far greater than that of the population. This situation may be associated with the ageing population. Of the 21 hepatoprotectives, 52.38% were chemical drugs, which accounted for 78.95% of total expenditure and 51.64% of total DID. Magnesium isoglycyrrhizinate ranked first in consumption sum, followed by ornithine aspartate and ribonucleic acid. Glycyrrhizin, hepatocyte growthpromoting factors and marine had the highest DID, which were 606.25, 576.77, and 508.15, respectively. Bifendate was, as suggested by DDDc, the cheapest (US$ 0.06 daily), while ribonucleic acid was the most expensive (US$ 44.41 daily) ( Table 2 ).
Of the 916 ADEs, 570 (62.23%) were males and 346 (37.77%) were females, with the sex ratio of 1.65:1.
The percentages of patients with reported ADEs varied among the nine age groups. The youngest case was 3 d old, and the oldest was 91 y old. The most commonly affected age group was 41 to 70 (65.83%). However, there was no significant difference between the age and sex by chi-squre test (P=0.56). Sex and age distribution of ADEs is shown in Table 3 .
Chemical drugs were responsible for 673/916 ADEs (73.47%). In particular, 210 episodes (22.93%) were associated with diammonium glycyrrhizinate, followed by ornithine aspartate (172, 18.78%), and the most frequently manifested were nausea or vomiting, rash or pruritus, palpitation or chest tightness. In traditional Chinese medicines (TCMs), Yinzhihuang had the worst outcomes (173, 18.89%) and the most frequently manifested were anaphylactoid reaction, nausea or vomiting, rash or pruritus. The constituent ratios and main clinical manifestations of ADEs caused by each individual hepatoprotective are listed in Table 4 . ADE occurrence times fluctuated widely, with the shortest in 1 min after intravenous drip and the longest in 24 d of continuous administration. Regardless of traditional Chinese medicine (TCM) or chemical drugs, ADEs tended to occur the first time the medication was given, usually in the first 30 min of use. Notably, 76.9% of serious adverse reactions occurred within 30 min after administration. ADEs with time distribution are shown in Table 5 . The gastrointestinal system was most frequently damaged (331, 29.82%), followed by damages of the skin and its appendages (324, 29.19%) and systemic ones (152, 13.69%). The organs or systems involved and the main clinical manifestations of ADEs are listed in Table 6 .
The nature and causality evaluation of ADEs are shown in Table 7 . Among the 916 ADEs, 733 (80.02%) were general, mainly involving the skin and its appendages, central and peripheral nervous systems, cardiovascular system and gastrointestinal system, and 24 (2.62%) were serious, mainly including allergy (especially anaphylactic shock), fainting, erythema, dyspnea, hyperpyrexia, and chest tightness. Rash or pruritus (18) , palpitation or chest tightness (9), fever of chills (7), dyspnoea (7), anaphylactoid reaction(6), phlebitis (5), dizziness (4), night sweats (4), nausea and vomiting (3), rash erythematous (3), flushing (2), anaphylactic shock (2), stomach discomfort (2), larynx oedema (2), anaesthesia local (2), pain (1) Rash or pruritus (15), palpitation or chest tightness (15), chills or fever (11), nausea or vomiting(9), anaphylactoid reaction(5), phlebitis (4), dizziness (4), rash erythematous (4), injection site pruritus (2), stomach discomfort (2), headache (2), dyspnoea(2), diarrhoea (2), anorexia (1) Rash or pruritus (14) , palpitation or chest tightness (12), nausea or vomiting (7), chills or fever (5), anaphylactoid reaction(4), rash erythematous (4), dizziness (2), anaphylactic shock (2), anasarca (2), peripheral oedema (2), oedema (2), injection site pruritus (2), injection site pain (1), rash maculopapular (1), flushing (1), phlebitis (1), night sweats (1), facial oedema (1), abdominal pain (1) Anaphylactoid reaction (41), nausea or vomiting (38), rash or pruritus (36), fever (7), diarrhoea (7), chest tightness (6), rash maculopapular (5), palpitation (5), dyspnoea (3), pain (3), rash erythematous (3), stomach discomfort (3), larynx oedema (2), injection site pruritus (2), chills (2), dizziness (2), flatulence (2), fatigue (2), anaphylactic shock (1), coma (1), increased stool frequency (1), hypotension (1) Total 916 100.00
TABLE 4: CONSTITUENT RATIOS AND MAIN CLINICAL MANIFESTATION OF EACH INDIVIDUAL HEPATOPROTECTIVE
of certain hepatoprotectives should be taken into consideration in clinical therapy.
Data on drug utilization and ADR report system are best viewed as the central components of a comprehensive post-marketing surveillance program [13] [14] [15] [16] . In China, a regional hospital drug information system in which six provinces took part, Yangtze River hospital drug information network, was established in 1999. Drug utilization data are submitted to the network annually and can be monitored or analysed dynamically.
Different countries use different ways to monitor ADR. In the USA, voluntary and mandatory reporting systems co-exist [17] . Unlike that of USA, Chinese ADR monitoring system adopts a decentralized management model with 34 regional centers as its main component [18] , and hospital-based monitoring is one of the major methods used to collect ADR. The data of drug utilization and ADEs in Hubei Province are all obtained from the above two databases.
Of the 916 ADEs caused by hepatoprotectives, the most commonly affected age group was 41 to 70 y (65.83%) ( Table 4) . Males were more vulnerable than females. Due to the decline in kidney function and combination therapy, the elderly tolerate these drugs poorly [19] . Thus, it is crucial for doctors to take the special physiological conditions and medication contraindications of older people into consideration to prevent adverse reactions [20] . However, it remained unknown whether people aged 41 to 70 y were really prone to ADEs or whether they were simply the most The study also revealed that most of the ADEs (87.62%) and all of the serious ADEs were caused by intravenous hepatoprotectives, probably because intravenous infusion was not only quicker than oral administration, but also directly into the blood without the liver first-pass effect, thus inducing ADEs more easily. Therefore, effective oral administration of hepatoprotectives is better than intravenous infusion unless there is an emergency or a dangerous condition. Furthermore, most ADEs occurred in the first 30 min of the first administration, suggesting that patients should be closely observed in the early period after infusion. Meanwhile, close attention should be paid to the patients receiving continuous hepatoprotective treatment.
Irrational use of hepatoprotectives, such as off-label use, irrational drug combination, overuse and inappropriate menstruum, may also lead to ADEs. For example, treating whole blood cell reduction with Yinzhihuang was off-label use. As indicated by the instructions of Kuhuang, the best dose on the first day is 10 ml, while the patient was overdosed through intravenous infusion (50 ml), which caused a serious ADE. Therefore, in order to reduce the incidence of ADEs, hepatoprotectives should be used strictly according to the instructions that are as simple as possible, and can be combined based on the best evidence if necessary.
Provided that hepatoprotectives have similar safety, ADEs occur more frequently with increasing frequency of the agent used. However, in this study, 11/21 (52.38%) hepatoprotectives were chemical drugs, which accounted for 51.64% of total DID, but 78.95% of total expenditure and 73.47% of all ADEs (Table 2 and 4) . In general, TCMs were seemingly but not invariably safer and cheaper than chemical drugs [21, 22] . Glycyrrhizin, as one of the oral TCMs, was widely used with 606.25 DID, only causing 3 ADEs, which indicated its safety in clinical therapy. A Medline search also showed that this agent barely had adverse effects. In contrast, ribonucleic acid was one of the injectable chemical drugs, which was used with 34.79 DID but caused 31 ADEs. Yinzhihuang was used with 57.31 DID, whereas it led to 173 ADEs, with 6 cases being serious. Thus, the Chinese regulatory authority has also issued several regulations to minimize the risks of ADEs for TCM [23] [24] [25] [26] .
Notably, there are some limitations to this study. First, our results may underestimate hepatoprotective utilization in children or those with renal failure, for DDDs are based on average doses for adults. Second, ADEs may be under-reported due to hospital-based monitoring ADEs system in China, for the public may have problems recognizing the scenario as an ADE and lack recognition of the importance of ADE reporting [27, 28] . Third, only 251 (27.40%) ADEs were evaluated as definite causality with the agents (Table 7) . Rechallenge does not often occur in clinical practice, so the causality between ADE and drugs can hardly be determined. Last, the large databases should be added and this study may not be generalized to the other culture.
Our combined, the analysis revealed that the consumption sum and DID of hepatoprotectives kept increasing from 2012 to 2014, and caused relatively high incidences of ADEs. Irrational use and intravenous administration were associated with an increased risk of ADEs, therefore, surveillance and educational strategies should be strengthened successfully to promote the safety of hepatoprotective drugs. Of the 21 hepatoprotectives, Glycyrrhizin, Heluoshugan, and Bicyclol were preferable for clinical hepatoprotection, whereas Yinzhihuang, Kuhuang, and ribonucleic acid should be avoided. This parallel approach through spontaneous reporting and drug utilization analyses provided valuable information for the safety of hepatoprotectives, and this synergy should be encouraged to support future pharmacovigilance activities. 
